Introauciory.
Since the appearance of Verany's report in 1834 our knowledge concerning the luminous organs of cephalopod molluscs has been greatly augmented by sevelfai authorities, especially by Joubin, Hoyle, C h u n, and some others. The forms known as possessing the luminous organs belongto the --ilistioteuthis,Chiroteuthopsis, Pyroteuthis. Pterigiotenthis, T4umatolampas. Abralia, Abraliopsis,Watasenia, etc.
The present paper deals chiefly with the structure of the luminous organs of Wata:senia s (Berry), which is 'known as "Hotaru-ika" ," "Ko-ika", or Mats-u-ika" in. Japanese. This squid lives in deep Water around the Empire and comes nearer the coast at the spawning season. Extending over some months from late April to the end of July, it is caught in enormous quantities on the coast of Toyama Bay, near Namerilriors. It has I.' g been known to the fishermen in this locality that this .aquid emits in life luminescence. Professer Watase (190a) was the fiat to make observations on the phosphorescence of the luminous organs of this isquid. In 1914, Sasaki placed on record in detail the arrangement of the organs and their phosphorescence, besides the references to the fishery. Recently, Shima (1926), demonstrating some luminous bacilli which .appear to inhabit the photogenetic tissue of the hotaru-ika, is inclined to ascribe the cause of luminosity in some measure to those bacilli. It would be highly interesting if the existence of bacillus could be possible in the luminous organs which make no way to the exterior. 1 ) Hotarri=firelty, ika=squid. This squid, though first referred to Abratliopsis, was dealt with by Ishikawa as a new genus, naming it watasenia x) Hayashi, More than ten years ago I made at the suggestion of Profess.-Jr Watasê an attempt to examine the minute structure of the luminous organs of the hotaru-ika, without calling any attention to bacillus. However, I was unable to continue the work, owing to unavoidable circumstances.
Quite recently, I had the opportunity of dealing again with the same subject as well a= of determining whether • cillus occur in the photogenetic tissue or not.
Before going farther, I have much ti-p-i.t!-,art-in tendering my hearty thanks to Emeritus Professor S. Wata-, of the Tokyo Imperial University for suggestion and advice. to Profes-or Y. Hosoya of the Chiba Medical College for providing me with accommodation, to Professor K. Koike of the stme College for advice, and to Professor T. Kaburaki the Tokyo Imperial T'niver=ity for as,istance and lendin2-, me some literature.
Material and Methods.
The material here dealt with was obtained at Namerikawa in the beginning of May. For the histelogical study it was fixed with 10% forrualin, Zenker., and Luna 's solutions. To make sections the material was chiefly embedded in paraffin. Besides, the celoidin and freezing method-also were employed.
For staining the sections I used the following: haematoxy sin, Heide D. hain's feric haerastoxylin, haemalaum, van Gie s on's stain for connective tissue. Weigert's method as an elastic fibre stain, Biel s c ho w sky's method as a nerve fibre stain, and Giemsa's stain, filer's methyl blue, carbolic fuchsin, and gentianaviolet as bacillus stains.
Phosphorescence of Luminous Organs.
in \Vatasenia scintillans the luminous organs show a variety of forms. and we shall present three as follows : 1) brachial organs composed of generally three, rarely one ipr two, black pigmented globules, situated at the tip of each of the fourth arms. 2) ocular organs represented by five globules arranged in a serie-: along the ventral circumference of each eyeball. and 3) integumentary organs distributed on the ventral surface or" the mantle. head and siphon, and also on the third and fourth arms.
Of these three. the brachial organ is by far the most active in luminescence.
When observed at night, the animals were found to discharge intense light in all directions, so as to illuminate the surrounding medium for a =pace of about a cubic fo9t. The three brachial organs situated at the tip of the fourth arm emit luminescence either at the same time or alternately. The light, when the animals come in close contact with net or other objects, appears to become much stronger, its colour being blue or tinged a little with purple.
The integumentary organs scattered over tl -ventral .iurface of the body present in life a round bluish space in th(, (ientre, bounded by some chromatophores.
Though not invariably, ti.-y are all capable of discharging light at the same time, and shine brilliantly like stars in the dark sky. The light is of a pale green colour and a great deal less luminous than that of the brachial organ.
The ocular organs are in the fresh state of a pearly white colour and wholly devoid of chromatophores.
They give off light through the eyelid, the light intensity being a little stronger than that of the integumentary organs.
Because of their delicacy, the animals, when brought into the aquarium, gradually render luminosity feeble and finally cease to discharge light at all. It is highly difficult to distinguish the difference of luminosity between the sexes, on account of the scarcity of the male. According to Sasaki, the phosphorescence of the brachial organs is a great deal stronger in late April than in late July.
It is of some interest to observe in the living animal the movement of the chromatophores arranged on the surface of the organ. As confirmed by W ata s 6, the chromatophores are contracting and expanding.
When their contraction attains the maximum, they become globular in shape and render it possible to discharge light in all directions.
As a result of their expansion, on the other hand, they become to spread over the surface of the organ, resulting in the disappearance of light. Thus, it is self--evident that the chromatophores of the brachial organ play , an important rOle in the discharge of light.
Structure of Luminous Organs.
Brachial Organ.
The brachial organ is situated, as mentioned above, at the tip of the fourth arm and generally composed of three globules arranged in a series. These globules are ovoid in shape and almost equal in size, but the middle one in the series is a little larger ,than the others, the size being about 1.4 mm. long by 1 mm. broad.
They are all constructed on the same plan and made up of two portions, the luminous part and the pigment layer.
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Luminous Part :-This forms the principal part of the organ and consists of a number of cells . In transverse section it is oval , round or renifoi-tn in contour (Fig . 5 ). Exteriorly it is coveted by a thin membrane. The cells, though partly assumin .g a definite form, are partly destitute of distinct boundaries. Generally they are not alike in form and size , their form being polygonal, elongated-oval, round or irregular. Near the center of the cell ties a comparatively large nucleu s which is round or ovoid in shape . Occasionally we can see near the center of the nucleus one or more round nucleoli , which are deeply stainable. Passing through the intercellular spaces are found numerous blood-vessels , the walls of which are provided, with elongated nuclei much smaller than those of the luminous cells .
The luminous cells are full of rod-like granules which are 0.u _merally rectangular or cuboidal in shape and present a hyaline appearance . Frequently the rods are met with convex ends . They are of a highly refractive character and stain red with haematoxylin -eosin and dark purple with Heidenhain's feric haematoxylin. As may be seen from they are not merely arranged in series-side by side or end to end -, but they also are irregularly scattered in the cells .
Besides the luminous cells just mentioned , there occur some cells fall ot. rectangular rods which present a weaker affinity with eosin . To me it appears that these rods are in the course of destruction or absorption. some of these cells have no di;tinct boundaries .
The ltimino tit3 part receives time ample supply of blood-capillaries which pass not only througil the intercellular spaces but lo invade the luminous cells (Figs . 5 and Remarkable ic it that the capillaries are found in the cell forming a branching or anastomosing stem among the rods. Sometimes the capillaries are a little finer and stainable more deeply than the rods . They are not uniformly thick , diffe ring from the rods. and possess 5'11i elongated nuclei in their walls. These nuclei are a little larger in the thicker blood-vessels than in the capillaries and take oh a colour deeper than those of the luminous cells ( Fig. 811 .
As to the luminous substance I am not in a position to make any ascertion. To my mimi. however , the found in the luminous cells appear to play an important rOte in the production of light , receiving the ample supply of oxygeh from th, .. capillaries. In the photogenetic tissue I have seen no evidence of luminous bat-Biers . The ba-cilli recorded by S h i ma a-occuring in the luniinot -orgAiTs appears to me to Studies on the Luminous Organs of Watasenia seintillans (Berry).
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represent that which inhabits the water and is occasionally attached to the surface of the body.
Around the ventro4ateral half of the luminous part lies a layer of gelatinous connective tissue which is crescentic in cross section (Fig. 5 gel. tiss.). This tissue takes on a light red colour with haematoxylin-eosin, a rosy red with van G i e s o n's connective tissue stain, but no colour with w eigert's elastic fibre stain. Some ovoid nuclei are found scattered in this tissue. The function of this tissue is open to question . Just outside of this tissue come some pigment layers.
Quite opposite to the tissue just mentioned, on the dorso-lateral side of the luminous part, occurs a layer of connective tissue mixed with irregular cells (Fig .5 con. tiss. ). This layer is also of a crescentic form in cross section and appears to be continuous with that on the ventro-lateral side. The cells Ot curritig in this tissue vary in form and size, some of them being elongated or stellate and full of round granules deeply stainable with eosin. The pigment layers extend just inwards to, or within this tissue.
Pigment Layer (Chromatophores) :-Around the luminous part, as mentioned above, come ehromatophores arranged in two or three layers. The chromatophores, though expanding or contracting in the fresh condition, are almost invariably expanded in the preserved. They are full of dark brownish pigment granules and give of a number of processes from the surface. In sections I have seen no evidence of their wall and nucleus. The pigment granules are not uniformly distributed in the layer of chromatophores. On some places they are scant in number so as to present a brown colour , while on some other they are closely apposed to exhibit a dark brown tint.
Around the luminous part is found a space. Whether it is natural or caused by the effect of fixatives is quite uncertain.
Ocular Luminous Organ.
Along the ventral circumference of the eyeball occur five small luminous organs whieh are of a pearly white colour and are arranged in a series. The organ on either end of the series is a little larger than the remaining three. In structural respects these organs are all alike and present no dimorphism, differing from those of Abra1i, etc. Exclusive of some points of differences, this organ generally accords in structure with that of Abraliopsis studied by Hoyle and Chun and is made up of three portions, the luminous part, the reflector and the fibrous apparatu.-).
)too Hayahi, Luminous Part :-.This constitutes the principal part of the organ and is situated between the reflector and the fibrous apparatus (Fig. 7  lum. p.) . It is chiefly composed of fibrous connective but not cellular tissue, the fibres running in various directions. Scattered throughout the tissue are found a number of nuclei which are round, crescentic, ovoid or irregular in shape. Some of these nuclei attain a large size and are deeply stainable with haematoxylin. This tissue is supplied here and there with blood-vessels.
In the tissue just in front of the reflector occur a number of granules which are homogeneous in appearance. These granules present various sorts of forms-elliptical, polygonal, spindle-shaped or irregular. In addition, there can be seen some small sand-like granules (Figs. 7 gr. and 9). All the granules are in some measure of a refractive character and stain deeply with eosin. Not infrequently at the middle of some granules is observed a transverse line which is deeper in colour than anywhere else. To me it appears that this line represents a plane of segmentation. When stained with He id e n ha in.'s feric haematoxylin, all the granules take on a dark brown colour, much as in those of the brachial organ. Judging from this fact, I think it advisable to regard that the granules or the rods of the ocular and brachial organs are of the same character and function.
Of such luninous bacillus as has been demonstrated by Shima I have been able to obtain no insight. It may, I feel, be advisable to interpret his bacillus as the sand-like granule mentioned above.
Reflector :-Placed on the cartilage of the eyeball is the reflector which embraces the ventral side of the luminous part. The reflector is composed of wavy fibres arranged nearly parallel to one another. This tissue, though not stainable with van Gies o n's connective tissue stain, takes on a deep red colour with eosin, a violet-blue with Heid en ha i n's feric haematoxylin and a violet with We ig er t's elastic fibre stain. Embedded in the fibrous tissue are some elongated nuclei which are deeply stainable.
Fibrous Apparatus :-This part is as a whole of a crown shape and is made up of a large number of fibrous cells which run almost parallel to one another, extending from the surface of the luminous part to the eutis. These fibrous cells, though almost straight in the central region, are curved outwards, as it proceeds towards the periphery of the apparatus. When stained with haematoxylin-eosin, they take on a violet colour at the outer and a red at the inner half. In the centre of these cells lies a slenderly-elongated nucleus, as demonstrated by some Studies on the Luminous Organs of Watasenia scintillans (Be r r y).
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authorities.
This apparatus is very firm in consistency and of a highly refractive character.
To my mind, it appears not only to represent a reflector but also to play some rule in the protection of the luminous part. Exteriorly the fibrous apparatus is covered by a thin layer of cutis which presents a few nuclei and is continuous with that of the eyeball. At the periphery of the ocular organ occur some elastic fibres which are irregularly arranged and take on a violet colour, when stained with Weige r Vs method as an elastic fibre stain. N sign of chromatophores was observed in the ocular organ. Their function is in all probability performed by the pigment layer of the eye.
As may be seen from the above, the ocular organ of the present species is closely related in structure to that of Abraliopsis and Abrali a, without some points of differences.
In Abraliopsis there is no trace of reflector.
Abralia possesses two types of the ocular organs, one destitute of reflector as in Abraliopsis, the other with the reflector as in Watasenia.
Integumentrary
Luminous Organ.
Distributed on the ventral surface of the mantle, head and siphon, as well as on the third and fourth arms are found the integumentary organs which can be seen macroscopically as black spots. These organs, when viewed with the magnifying glass, are discerned as small round bluish spaces of varying sizes, each bounded by some chromatophores. Their arrangement is not quite regular, but presents a slight tendency to assume a bilateral symmetry on the mantle and siphon, on account of the absence of the organs on the median line.
According to Sasaki's observations on ten specimens of each sex, the organs on the mantle show some differences in number between male and female, i. e. 450-543 in the former and 566-687 in the latter.
In both sexes the organs amount on the head to about 180 and on the siphon to about 47. The fourth arms have the organs arranged in three series, the middle one of which is the longest, consisting of about 28 organs, and connecting distally with the brachial organs, beyond which two or three organs are found.
The organs on the third arms are about 7 in number and arranged in a series. The integumentary organs are a great deal smaller than the brachial and ocular.
They are all similar in structure and are in accordance, exclusive of some minor points of differences, with those of Abraliopsis r studied by Toubin , Hoyle and Chun. They are compth'eti 1 three portions, the luminous part, reflectors and the pigment layer. At the tip of the fourth arm. on the ventral side, lies the organ which faces ventro-laterally ; consequently its main axis forms a certain angle with the dorso-ventral axis of the arm in cross section (Fig. 6 ).
Luminous part :-This part designated by Hoyle as central cone forms the principal part of the integumentary orgai and is conical in shape. Excepting its outer portion. it is mainly composed of cells of -va s g ,izes. These cells exhibit various sorts of forms-round. poly-,t-4-o i :1, spindle-shaped or irregular. Their nuclei are ovoid. round, _spindle-or rod-shaped and stain deeply with haematoxylin. On the outer part the ti--ue is invariably made up of irregular cells, each with an irregular nuelcuz,, whose boundaries are indistinct. Thi-part is convex outwards and projects out from the funnel-shaped reflector which embraces the luminous tissue. These two tissues just mentioned grade -over each other in the intermediate parts . presenting no sharp distinction.
Embedded in the " : ue at the bottom of the funnel-shaped reflector or just in front of the posterior a ector are found some rod-like granules. the . -ority of which are more or less spindle-s : s and arranged in a cluster (Figs. 6 and 10 ). These rods are of a hyaline and refractive -character and stain red with haematoxylin-eosin and deep purple with He ide n hains feric haematoxylin.
Recently, S hi ma also recorded the existence of a certain luminous bacillus in the tissue just in front of the posterior reflector. However. no sign of bacillus was altogether de a aa in it.
Reflector the integumentary organs there are two kinds of _reflectors, the funnel-shaped and the posterior. a) Funnel-shaped Reflector :-Embracing the inner half of the luminous : is the funnel-shaped reflector, which is made up of line fibrous tissue. This tissue presents a weaker affinity with eosin L., compared with that of the posterior reflector and is a a a a here and there with a few large nuclei. At the bottom of the funnel-shaped reflector occurs a cluster of spindle-shaped granules. as mentioned above (Fig. 6) .
bl Posterior Reflector :-Just outwards to the basal half of the funnel-shaped reflector comes the posterior reflector, which consists-, of -fibrous tissue and has no nuclei . When stained with haema'tin- To me it appears that this tissue stands in some relation to the chromataphores (Fig. 6 tiss. ).
Summary.
1. Watasenia scintillans possesses three kinds of luminous organs, the brachial, the ocular and the integumentary.
2. The brachial organ is the best developed and provided with a number of chromatophores around the luminous part. These chromatophores, when the organ emits luminescence, contract and become globular. The reverse is true of the disappearance of light. The luminous part is made up of a number of luminous cells which contain minute rod-like granules. Among the granules the capillaries are found to form a branching or anastomosing system.
3. The ocular organs are all alike in structure and present no dimorphisms. Just in front of the reflector, in the luminous tisau.e, occur numerous granules, which vary in form and size but are of the same character. At the middle of some granules is found a transverse line which may represent the plane of segmentation. The fibrous apparatus is made up of fibrous cells and is of a highly refractive character.
4. The integumentary organs have two kinds of reflectors. At the bottom of the funnel-shaped reflector or in front of the posterior reflector is found a cluster of minute spindle-shaped granules, which are homogeneous in appearance.
5. In the three luminous organs the granules, though varying in form and size, have the same affinity with every stain employed and are homogeneous in appearance. They appear to play an important rOle in the production of light.
6. Several efforts were made in vain to demonstrate the distribution of nerve fibres.
7. No trace of bacillus could be brought under my observation. Bibliography. S. Hayashi. 
